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Abstract 
Analysis of rDNA internal transcribled spacer (rDNA ITS) was used to find diversity among 17  specimens isolated 
from Heilongjiang Province The results showed that there were base variances in ITS region among the tested strains, 
and with 17 variance loci in ITS region, besides the fragment of 5.8S rDNA. Phylogenetic analyses indicated that 17 
strains of A.auricular were clustered into two groups. Althrough these results did not show correlation with 
geographic origins of the specimens, it was suggested that A.auricular distributed in Heilongjiang Province include at 
least two genetically different populations. 
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1.Introduction 
China is the first country to cultivate Auricularia auricularia artificially in the world. It was nearly 
about twelve hundred years. Because of the wide and long time cultivation, the genetic diversity of 
A.auricularia might be decreased .  
Molecular approaches are considered to be powerful tools to investigate inter- and intragenetic 
relatedness on species of basidiomycetes, supporting results obtained from conventional methods such as 
morphological, physiological, and biochemical methods. physiological, and biochemical methods. 
Internal transcribed spacer (ITS) region of the ribosomal DNA (rDNA) are highly variable It located  
between  the small (18) and the large (28S) ribosomal subunit genes. The ITS domain is highly variable 
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thus permitting assessment of genetic variation at the interspecific level (Hintz et al. 1989[1]; Walsh et al. 
1990[2]; Bruns et al. 1991)[3].  
In the present study, we investigated, by using the nucleotide sequences of ITS, the genetic 
relationships among the wild A.auricularia strains in Heilongjiang Province. The purpose is to utilze the 
resources of A.auricularia effectively in breeding and production. 
2.Materials and methods 
2.1.Auricular auricular strains and culture condition 
The specimens used to investigate genetic diversity in this study were listed in Table 1. All of the 
specimens were collected from Heilongjiang province in China covering a wide range of ecological and 
climatic conditions from mountains to rivers. 
Table.1 The tested strains and their rDNA group 
No. Strains Origin rDNA group No. Strains Origin rDNA group 
1 CF Cuifeng, Daxing’anling A 10 SL Songling, Daxing’anling A 
2 HM Huma, Daxing’anling A 11 Mu10 Youhao,Yichun B 
3 GL Galahe, Jiagedaqi B 12 LX Langxiang,Yichun B 
4 64 Jiagedaqi 64 kilometers B 13 JY Jiaying,Yichun A 
5 LY Jiagedaqi A 14 XH Xianghe,Harbing B 
6 LN85 Lingnan 85 kilometers, Daxing’anling B 15 Bai1 Mudanjiang A 
7 HJY Hanjiayuan,Daxing’anling A 16 WDLC Wudalianchi A 
8 TH Tahe, Daxing’anling A 17 SW Sunwu,Heihe B 
9 18Z Shibazhan, Daxing’anling B     
 
The specimens were inoculated on PDA medium(potato 200g/L, glucose 20g/L, peptone 3g/L, 
KH2PO4 3g/L, MgSO4 2g/L and agar 20g/L, pH7.0).and incubated at 25  for 1 week.ć  Next, the strains 
were inoculated in liquid medium (potato 200g/L, glucose 20g/L, peptone 3g/L, KH2PO4 3g/L, MgSO4 
2g/L, bringing the total volume to 1000ml with distilled water) at 120 rpm in an orbital shaker and 
maintained at 24  for 15 days. And last, the mycelium was dried with filć ter paper and stored at -20ć
Bulleted lists may be included and should look like this: 
2.2.DNA extraction  
Total DNA was obtained directly from dried specimens using a modified CTAB procedure of Doyle 
and Doyle (1987)[4] . 
2.3.DNA amplification  
The primers ITS1 and ITS4 (White et al., 1990) were used for amplification of the ITS region. reaction 
volumes were 50 μl and contained 20-40 ng(1μL) of Template DNA,5μL mol/L of each primer,4 μL 
dNTPs, 1.25 U Taq polymerase (TaKaRa Biotech, Japan), 5 μL PCR buffer, and sterile double-distilled 
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water. Amplification was carried out as follows: initial denaturation at 94  for 5 min,ć  36 cycles of 1 min 
at 94 ,ć  1 min at 54 ,ć  1.5 min at 72 ,ć  and a final extension of 10 min at 72 .The ć amplification 
products were resolved on a 1% agarose gel for future analysis.. 
The primers ITS1 and ITS4 (White et al., 1990) were used for amplification of the ITS region. reaction 
volumes were 50 μl and contained 20-40 ng(1μL) of Template DNA,5μL mol/L of each primer,4 μL 
dNTPs, 1.25 U Taq polymerase (TaKaRa Biotech, Japan), 5 μL PCR buffer, and sterile double-distilled 
water. Amplification was carried out as follows: initial denaturation at 94  for 5 min,ć  36 cycles of 1 min 
at 94 ,ć  1 min at 54 ,ć  1.5 min at 72 ,ć  and a final extension of 10 min at 72 .The ć amplification 
products were resolved on a 1% agarose gel for future analysis.. 
2.4.Purifying PCR products and cycle sequencing 
PCR products were purified using a OMEGA Agarose Gel DNA Purification Kit. Purified PCR 
products (3 μL) were electrophoresed on a 1% agarose gel with molecular standards DL2000 (TaKaRa 
Biotech, Japan) to estimate the concentrations of the PCR products. Then, the products were cloned into 
the pMD18-T vector according to the instructions (TaKaRa Biotech, Japan). Recombinant plasmids were 
transformed into JM109 cells, which were plated in duplicate for each specimen on LB agar containing 
amplicillin (100 μg/mL), 5-bromo-4-chloro-3-in doly1-£-D- galactopyranoside (X-Gal, 0.5mmol/L) and 
isopropyl-£ -D-thiogalcatopy-anoside (IPTG,80μg/mL), followed by overnight incubation. Positive 
colonies were used for insert PCR and sequencing. 
2.5.Alignment and phylogenetic analyses 
ITS sequences were aligned with CLUSTAL W multiple sequence aligment program (Thompson et 
al.,1997)[5], and future manually adjusted using BioEdit (Hall,1999)[6].The sequences were then aligned 
for comparison using the DNAMAN software with the default parameters. Based on the multi-alignment 
analysis, we applied the MEGA 4.1 program with Kimura's two-parameter model(Kumar et al.,2001)[7] to 
calculate the interspecific pairwise distances. For phylogenetic analysis, we used MEGA(neighbor-
joining method) to analyze the relationship between different species and construct a phylogenetic tree 
3.Results and Discussion 
3.1.Amplified fragments of rDNA 
Based on agarose gel electrophoresis, the PCR products from all 17 A. auricular strains were single 
fragments of approximately 600bp in length (Fig.1). 
 
 
Fig.1 The electropherogram of PCR amplification products (1%agarose gel) 
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3.2.Characteristics of its region 
17 A.auricular stains collected from different ecological and climatic locations of Heilongjiang 
province were sequenced for ITS1, ITS2 and 5.8S of rDNA. The results revealed that the size of the ITS 
of all isolates was identical, being 559 bp, the length of the ITS1 region was 167 bp and there were 4 
variable sites, the length of ITS2 region was 234 bp and have 12 variable sites. The 5.8S subunit, flanked 
by the two ITS spacers, was the most conserved region, it was 158 bp and only have 1 variable site. The 
G+C content of the ITS1 region ranged from 50.3%~ 52.0%, ITS2 region ranged from 45.8%~47.4%, and 
the ITS region ranged from 47.5%~ 47.8% (Table 2). 
Table 2 Size and (G+C) contents of ITS1, ITS2 and ITSI-5.8S-ITS2 sequence 
No. 
ITS1 ITS2 ITSI-5.8S-ITS2 
Accession No. 
Size /bp G+C /% Size /bp G+C /% Size /bp G+C /% 
1 167 51.4 234 46.2 559 47.5 HQ388359 
2 167 51.4 234 47.4 559 47.6 HQ388371 
3 167 51.4 234 45.8 559 47.8 HQ388361 
4 167 51.4 234 45.2 559 47.8 HQ388363 
5 167 51.4 234 47.4 559 47.6 HQ388362 
6 167 51.4 234 46.2 559 47.8 HQ388366 
7 167 50.3 234 47.0 559 47.6 HQ388367 
8 167 52.0 234 46.6 559 47.6 HQ388368 
9 167 51.4 234 46.2 559 47.8 HQ388369 
10 167 50.8 234 47.0 559 47.7 HQ388370 
11 167 50.8 234 46.6 559 47.5 HQ388372 
12 167 51.4 234 45.8 559 47.8 HQ388374 
13 167 52.0 234 47.0 559 47.6 HQ388376 
14 167 51.4 234 47.0 559 47.6 HQ388381 
15 167 51.4 234 47.0 559 47.5 HQ388383 
16 167 50.8 234 46.6 559 47.5 HQ388384 
17 167 51.4 234 45.8 559 47.8 HQ388388 
 
Pairwise distances within groups varied from 0~0.013. The average was 0.007, No distance was 
observed among "HM"-"LY", "GL"-"LX"-"SW", "LN85"-"18Z", "Mu10"-"WDLC"; whereas the greatest 
distance (0.013) was among "HM"-"LN85" and "LY"-LN85". 
3.3.Phylogenetic tree analysis 
The 17 strains were divided into two groups on genetic distance 0.004 with NJ method. Group A had 
ten strains as follows: 1,2,5,7,8,10,11,13,15 and 16, while group B included 3,4,6,9,12,14 and 17. 
In assessment of the relationship between genotypes and biological character, it is important to know 
whether the variations of ITS sequences are associated with the geographic origins of speimens used in 
this study. As shown in Fig.2 and Table 1, strains from different geographic origins could be grouped into 
the same class, whereas strains from the same geographic origins could be grouped into different classes. 
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This suggested that there was no clear correlation between ITS sequences and geographic origin of 
specimens used in this study. 
The ITS shows variability at interspecies level, and has been extensively used to study the taxonomy 
and phylogenies of fungi. (Alvarez and Wendel. 2003)[8]found that in the past 5 years, ITS sequence 
analysis was conducted in plants in 66% of the papers, and that 34% of the papers were completely based 
on the analysis of ITS sequence for phylogeny investigation. Similarly, ITS sequence analysis plays an 
important role in phylogeny studies at or below the genus level and in the identification of microfungi 
( Dunham et al. 2003 )[9]. 
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Fig. 2 Phylogenetic tree indicating relationship among isolates of Auricularia auricular based on ITS region sequence. 
In conclusion, the Heilongjiang Provience A.auricula strains could be divided into two groups based on 
the characteristics of ITS rDNA sequence. But this method can not distinguish the A.auricula strains in 
geographic level. So it was suggested that ITS technique needed to join with ITS PCR-RFLP and other 
molecula marker, for example ISSR, RAPD or SRAP 
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